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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Wintering Riveris located within the Mouse (Souris) River WatershagouthwesMcHenry
and northeast McLeddountes,in north centraNorth DakotaFigures 1 and 2 The river is
207.8miles long and itsvatershed has aarea 0f655,520acres The Wintering River and its
watershed flow northward and etgjnto theMouse Sourig River. Table 1summarizes some
of the geographical, hydrological and physical characteristittee Wintering Riverand its

watershed
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Figure 1. Location ofWintering River and its Watershedin North Dakota.

Table 1. General Characteristics ofWintering River and its Watershed.

Legal Name

Wintering River

Stream Classification

Class Il

Major Drainage

Mouse Sourig River'

Basin

8 Digit HUC 0901003

Counties McHenry and McLearCountes, ND
Eco-region Level lll: Northern Glaciated Plains (46)

Level IV: Glacial Lake Delta (46d)and Drift Plaing46i)
[Small portion in Northwestern Glaciated Pla{dg), Missouri Coteau (42a)]

Watershed Area

555,20 acres

River Miles

207.8 miles

Recentiocallegislation passed that determined the river shall be called Mouse River on all identifiable signs.
It is also known as the Souris River in Canada and to many state and federal agémoiéorth Dakota
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Figure 2. Location ofWintering River and its Watershed

1.1 Clean Water Act Section 303(d) Listing Information

Based on the 2@ Section 303(d) list of impaired waters needing TMDLSs, the North
Dakota Department of Health (NDDoH) has identified Wintering Riverasfully
supporting, buthreatenedor fish and aquatic lifdeneficial use dut low dissolved
oxygen levels

Table 2. 2010 Section 303(d) TMDL Listing Information for the Wintering River .

Assessment Unit ID ND-0901003-003S 00
Wintering River, including all tributaries. Located in SW
McHenry Countyand NE McLean County

Waterbody Description

Size 207.8miles
Impaired Designated Uses Fish and Aquatic Life

Use Support Fully Supporting, bulhreatened

Impairment Low Dissolved Oxygen
Priority High
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1.2 Ecoregions

The Wintering River begs at Wintering Lake, southwest of Bergen, ND and flows east
then north to the Souris Rivekpproximately 87 percent of the Wintering River
watershedies within the Drift Plaindevel IV ecoregion (46i)with ten percent in the
Glacial Lake Deltas ecogeon (46d), and about three percent in the Missouri Coteau
ecoregiong42a)(Figure 3)These all belong to thdorthern Glaciated Plaing@6) level

lll ecoregion

The Drift Plains areharacterizethy generally flat to occasionally rolling topography

with a thick layer of glacial till left behind by the Wisconsinan glaciBrsor to

cultivation, the Drift Plain grasslands were a mixtofetall grass and shograss prairie.
There are a good proportion of temporary and seasonal wetlands throughout the
watershedThe Glacial Lake Deltas were deposited by rivers entglagjal lake basins
(e.g., Glacial Lake Souris). The heaviest sediments, mostly sand and fine gravel, formed
delta fans at the river inlets. As the lake floors were exposed during witharbthel

glacial ice, wind reworked the sand in some areas into dunes. In contrast to the highly
productive, intensively tilled glacial lake plains, the dunes in the delta areas have a thin
vegetative cover and a high risk for wind erosion. These areaseatenainly for

grazing or irrigated agricultureA small portion of the Missouri Coteau ecoregion is
within the watershed. It consists of a glaciated, hummocky, rolling stagnation moraine.
Stream drainage is absent or uncommon and there are numeraule patiands

between mounds of glacial till. Soils consist of thick glacial till over Tertiary sandstone
and shaleElevation in the watershed ranges from 1,080 to 2,000 ft (SIS, 2006).

The soils present belong to the Order Mollisols and are t{piBarnes, Svea, Hamerly,
and Parnell. Though the till soil is very fertile, agricultural success is subject to annual
climatic fluctuations(USEPA, et al. 1998)
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Figure 3. Level IV Ecoregions of the Wintering River Watershed.

1.3 Land Use

Land usealata from the North Dakota Agricultural Statistics ServicBASS, 2006
indicates thathe watershed is primarily agricultur@4.6 percent), consisting of crop
production and livestock grazing. Fottyee(43) percent of the agricultural land is
actively cultivated, tilled mainly for durum, spring wheat, other small gr@@rg, rye,
oats) anda variety ofothercrops(Table 4) Forty-one(41) percentof the watershed is
pasturefangehaylands Faur (4) percent is low density urban developmewtile water
and woods make up almost @) percent of the watershed@gbles 3 and &igure 4).
There are no confined animal feeding operations (CAFOs) within the contributing
drainageThere arel4 animal feeding operations (AFOs), of which two havesugahe
the State permitting proces®vhile all CAFOs must obtain a permit, only those AFOs
that have the potential to impact water quality are required to obtain a.peomihore
details on operations requiring a permit, please refer to North Dakd¢aCtatury Code,
Chapter 3316-03.1-05.
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Table 3.Major Land Use Categoresin the Wintering River Watershed (based on

2006 NDASS data)

Major Category Acres Percent of Watershed
Agriculture/Cultivated 241,682.5 43.50
Pasture/Range/Hay 228,311.6 41.10
Urban/Barren 23,397.1 4.21
Water 46,507.2 8.37
Woods 9,683.5 1.74
No Data 5,938.1 1.07

Table 4. Land Use Typesin the Wintering River Watershed (based on 2006 NDASS

data).
Percent of

Land Use Type Acres Watershed

Winter Wheat 804.62 0.15
Durum/SringWheat 130,451.86 23.48
Rye/Oats/Other Small Grains 5,636.78 1.01
Beans/Peas/Lentils 62,195.D 11.20
Sunflowers 10,730.78 1.93
Corn 16,373.51 2.95
Potatoes 410.06 0.07
Mustard Seed 110.93 0.02
Flax 3,879.63 0.69
Canola/Safflower 11,149.2 2.01
Idle/CRP/Hayland 118,107.74 21.26
Pasture/Range 48,333.08 8.7
Alfalfa 61,870.83 11.14
Water 46,507.24 8.37
Woods 9,683.45 1.74
Urban 22,078.44 3.97
Barren 1,318.0 0.24
No Data 5,938.05 1.07
TOTAL 555,520 100




Wintering RiverDissolved Oxyged MDL Final: October 2010
Page6 of 34

RO

p ﬁp"

Land Use Map

Land Use ——— Wintering River

I vioods
[ wWinter Wheat [ wintering River Watershed
[1 Water, Wetlands

[ Urban

[ Sunflowers

B Fotatoes

B FastureiRange

[1 NoData

[ Mustard

B Flaxseed

I Idle Cropland/CRP

[] DurumWheat; Spring Wheat

I BeansiPeasiLentils

[ Comn

[ Canola

I Carren

Ryei0O atsiBarley and Other Sm. Grains
[ AlfalfafClover

Figure 4. Land Use Mapfor the Wintering River Watershed (NDASS, 2006)

1.4 Climate and Precipitation

North Dakotads climate is characterized by
scales, light to moderate irregular precipitation, plentiful sunshine, low humiddy, a

nearly continuous wind. Its location at the geographic center of North America results in

a strong continental climate, which is exacerbated by the mountains to the west. There are
no barriers to the north or south so a combination of cold, dry agemasiginating in

the far north and warm humid air masses originating in the tropical regions regularly
overflow the state. Movement of these air masses and their associated fronts causes near
continuous wind and often results in large day to day temperfitictuations in all

seasons. The average last freeze in spring occurs in late May. In the fall, the first 32
degree or lower temperature occurs between SeptemBanti®5". However freezing
temperatures have occurred as late asJuite and as d& as midAugust. About 75

percent of the annual precipitation falls during the period of April to September, with 50

to 60 percent occurringetweerApril andJuly. Most of the summer rainfall is produced
during thunderstorms, which occur on an averdgdbdo 35 days per year. On the
averagerainsoccuronceevery three or four days during the summer. Winter snowpack,
although persistent from December through March, only averages around 15 inches (Enz,
2003).Historical average monthly precipitatioiata from the High Plains Regional

Climate Center (HPRCC) can be seen for the Towner, ND station (about ten miles
northeast of the watershed) in Figbre
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Figure 5. Average Total Monthly Precipitation Data for the HPRCC Station at
Towner, North Dakota (328792, 18961 2008.

Average annual air temperatures at the Karlsruhe, ND North Dakota Agricultural
Weather Network (NDAWN) station, located within the Wintering River watershece

44 F in 2006 and 4%F in 2007, with an average annual wind speedid? inph. Total

annual precipitation was 10.27 inches in 2006 and 9.58 inches in 200re(§.

November through February averages about 0.50 inches of precipitation per month,
occurring mostly as snow. Measurable precipitation (0.01 inch or moresaatur

average of 65 to 100 days during the year with over 50 percent of these events producing
less than 0.10 inch (NDAWN, 2008).

Daily Total Rainfall
(2006-01-01 - 2007-12-31)
North Dakota Agricultural Weather Network (NDAWN)

2.00+

1.75+

inch

-=- [arlsruhe
Figure 6. Rainfall Amounts at the Karlsruhe, ND NDAWN Weather Station, 20®-
2007.
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1.5 Available Data

TheWintering Riverhasno major tributaries and very ephemeral flows. This is
especially noticeable in the upstream reacivbgch oftenhave no flowby June.The
river has three distinct regiofigpstream, midiver, and downstrean The upstream
third of the river is vey ephemeral antas flowsonly during spring runoff and large
rainfall events. The middle third is functionally a large wetland with almost no flow,
except for very large rain events. Td@wvnstreansection functions as a typical stream
andhas springsvhich usually provide flow for portions of this section throughout the
entireyear.

For this project,dur siteq385388, 384106, 385388nd384107)were sampledor

water quality and flovirom April 2006 throughAugust 2007 Figure 7. By September

of both years, the flow at all sitegszerq with the springs contributing no noticeable
flow to the downstream portiorin 2007, monitoring was moved from site 385388 to site
384106. These sites are similar enough and spatially close enough to berednside
comparable, so effectively data for this TMDLnees from three locations with sites
384388 and 384106eing combined into oreporting unit The downstrearnmost site,
384107, is cdocated with a USGS gauging station (05120500hited DO data from

1997 is also available for site 384107.

Wintering River Sites
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Figure 7. Sampling Site Locations orthe Wintering River
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1.5.1Dissolved Oxygeata

In 2006, extreme low flow conditions in the riyaevented any intensivsampling.
Three intensive sampling events in 200 #eveonducted to characterize dissolved
oxygen(DO) concentrationat the three stations. These included -4&0r

sampling period between Mayl® with five samples collected, a five hour period
on May 23 with a range of three to five samples collecédtaggered time
intervals, and a four hour period on Juffenith four to seven samples collected at
staggered time interval&n additional sample was taken on JuReafier a 24hour
gap Appendix A). Minimum dailyDO concentrations are summarized able 5
(Houston Engineering, 2007).

Table 5. Minimum Daily Dissolved Oxygen Concentrationdmg/L) During
Intensive Sampling 2007

Station May 9-10 May 23 June 56
384106 (upstream) 4.90 5.60 2.62
385386 (midi river) 1.98 7.28 3.51
384107 (downstream 5.58 9.42 6.65

*No flow in Wintering Riverduring these monthsNo samples wereollected

Outside of the intensive sampling events, DO data collected from April until
there was no flow, usually between the end of June and beginning of August.
Figures8, 9, and D depictDO concentration data for 1997, 2006, and 2007
respectively.Biochemical oxygen demarf@OD) and chemical oxygen demand
data(COD) werealso collected for use in modelifgummary tables for each
samplingsite can be found in Agendix A.

STORET 384107- 1997

=
(6]

Dissolved Oxygen mg/L

Date

Figure 8. Dissolved Oxygen Concentrations for Site 38410 1997.
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Figure 10. Dissolved Oxygen Concentrations for All Sites1 2007.
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1.5.2 Hydraulic Discharges

Forall sites except 384107, discharge data were estimate using stream velocity and
stream stage measurements. Due to lack of flow readings, no rating curve could be
developed for station 384104 rating curve was developed for station 385388

based on limitedata collected in 2006. This rating curve appears to have been
influenced by a confounding factor, as data were noticeably variable. A rating curve
was developed for station 385386 as paired discharge and stage data demonstrate a
reasonable relationsh{gppendix B) Site 384107 was elmcated with a USGS

gauging station (05120500), which provided continuoesn dailydischarge data.

1.5.3 Other Data

Macroinvertebrate sampling was conducted at four sites aloWititering River

(Figure 7. In order b interpret these biological data and to develop a biological
assessment methodol ogy, t-met NDODOHiIi hdex ad
approach to assess biological integrity or agd&@aise support for rivers and

streams. The muhinetric index approacassumes that various measures of the

biological community (e.g., species richness, species compaosition, trophic structure,
andindividual health) respond to humarduced stressors (e.g., pollutant loadings

or habitatalterations). Each measure of thelbgical community, termed a

Ametric, 0 i s eval uat3eHHoir scdle (fslt) ororeadscaen e i t
of 0-100 (macroinvertebrates). The higher the score, the better will be the

biological condition and, presumably, the lower the pollutaritabitat impact.

Currently the multimetric IBI for the Northern Glaciated Plains (46) level 11l
ecoregion is under development. However, enough data has been compiled and
analyzed to allow a general interpretation of the IBI scores faMingering Rver
watershedDraft IBI scores with associated threshold condition and aquatic life
beneficial use support are listed in Table 6.

As indicatedn Table 7 scores have declined significantly since 186ibss all
habitat types, with the greatest declinescores associated with riffle/run habitat
types. This is also an indication of riparian erosion and livestock directly in the
river increasing erosion and deposition of sediment on the river bed, as well as a
correspondingncrease irorganic matter rd nutrients causing oxygen depletion.
Macroinvertebrate species in the riffle/run habitat type are less tolerant to low
DO/high temperature/high total suspended sediment conditions than are those
species common to the glide pool habitat.

Table 6. Draft IBI Threshold Condition Values for the Northern Glaciated
Plains Ecoregion (46).

Good1 Fully Supporting | Fair T Fully Supporting | Poor - Not Supporting
But Threatened

25" Percentile o 70 IBI | <69 IBl and>59 IBI | 10" Percentile ok 58 IBI
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Table 7. IBI Scores for Wintering River, 1997 and200y.

Station 1997 2007 Aquatic Life
ID Type | IBI Score | Condition |IBI Score |Condition |Designated Use
552004 | RR* 33 Poor 10 Poor Not Supporting
552005 | GP? 49 Poor 42 Poor Not Supporting
552006 | RR* 36 Poor 16 Poor Not Supporting
552007 | GP? 64 Fair 56 Poor Not Supporting

'RR = Rifle/Run Habitat
2GP = Glide/Pool Habitat

A riparianassessment was conducted with the help of the Natural Resources
ConservatiorService usingheRiparian Health Assessmdptotocol (AppendixXC).
Twenty-three(23) sites were chosen based on a random sampling method provided
by the US EPAEach site was scored based on numerous ranking questions
including those on stream bank vegeve cover and livestock caused bare ground/
hummocking This tool is useful in determining where livestock may be
contributing to therganicload (which increaseBOD and therefore decreases the
concentration oDO in the river) Total points possiblare 57. A summary of the
assessment is providedTable8. Of the 23 sites samplé€Bigure 7, 17 scored in
the Healthy rangdive scored in the range of Healthy with Problems, aniy ore
scored in the Unhealthy rang€&€hesites closer to the mheathy rangewere mostly
located in the downstream portion of the watershed.

Table 8. Riparian Health AssessmenSummary for the Wintering River.

Points | Percent of Totall Conditions Status Number of Sites
57/57 100 3
52/57 91 Healthy 7
46/57 80 7
40/57 70 2
37/57 65 Healthy with Problems 3
34/57 60 0
32/57 56 1
29/57 51 Unhealthy 0
23/57 40 0
17/57 30 0

A Rapid Geomorphic AssessmdéAppendixD) was also conducted to determine
stream channel stability and stage of channel evolution. Adeasfied in this
assessment as having high stream bank erosion and imgtatglgood indicators

of areas contributing to the orgate@ad. The seven sitegssessedorresponded to

the three water quality sites and four macroinvertebrate sampksg Stcores of-0

15 were ranked as stable, and3Ibwere ranked as unstable. Only one site (S
552007) ranked as unstable at 23.5 points. This site is located furthest downstream
in the watershedT@ble9).
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Table 9. Rapid Geomorphic Assessment Summarfpr the Wintering River

Site Score Condition Status Upstream

552004 14 Stable

384106 8 Stable

552005 7 Stable

385386 8 Stable

552006 7.5 Stable

384107 8 Stable v

552007 [ 23.5 Unstable Downstream

2.0 WATER QUALITY STANDARDS

The CleanWater Act requires that Total Maximum Daily Loads (TMDLSs) be developed for
waters on a state's Section 303(d) 1ist. A T
wasteload allocations for point sources and load allocations for nonpoint sources aald natur
backgroundod such that the capacity of the wat
exceeded. The purpose of a TMDL is to identify the pollutant load reductions or other actions

that should be taken so that impaired waters will be able to attder quality standards.

TMDLs are required to be developed with seasonal variations and must include a margin of

safety that addresses the uncertainty in the analysis. Separate TMDLs are required to address

each pollutant or caaf impairment (i.efecal coliform bacterip

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set narrative water quality standards that
apply to all surface waters in the State. The narrative general water gizaddgrsls are
listed below (NDDoH, 2006).

e All waters of the State shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practices in concentrations or
combinations that are toxic or harmful to humanspats, plants, or resident
aguatic biota.

e No discharge of pollutants, which alone or in combination with other substances,
shall:

1. Cause a public health hazard or injury to environmental resources;
2. Impair existing or reasonable beneficial uses of thevmecgwaters; or

3. Directly or indirectly cause concentrations of pollutants to exceed
applicable standards of the receiving waters.

In addition to the narrative standards, the NDDoH has set a biological goal for all surface
waters in the State. Thegsat at es t hat #fAthe biological col
be similar to that of sites or waterbodies determined by the department to be regional
reference siteso (NDDoH, 2006) .
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2.2 Numeric Water Quality Standards
Wintering Riveris a Class Il strearwhich carries the following definition:

Class Il - The quality of the waters in this class shall be suitable for agricultural and
industrial uses. Streams in this class generally have low average flows with prolonged
periods of no flow. During periods ab flow, they are of limited value for recreation and

fish and aquatic biota. The quality of these waters must be maintained to protect
secondary contact recreation uses (e.g., wading), fish and aquatic biota, and wildlife uses.

Numeric criteria have beedeveloped for Clads$l streams foDO (Table

10).
Table 10. North Dakota Dissolved OxygerStandards for Classlll Streams
Water Quality Standard
Parameter S
(minimum value)
Dissolved Oxygen 5.0 mg/L*

1 . . . . .
Up to 10% of representative samples collecteduding any 3yr period may be less than this value provided
lethal conditions are avoided.

3.0 TMDL TARGET

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL
targets must be based on state watrlity standards, but can also include site specific values
when no numeric criteria are specified in the standard. The following TMDL targéefor
Wintering Riveris based on the North Dakota water quality standar®rlf the target is met,
theaquatic life beneficial use will be fully supported.

3.1 Dissolved Oxygen Target

The North Dakota State Water Quality StandardXori s 5. 0 mg/ L as a de
(up to 10 percent of representative samples collected during any three year period may be

less than this value provided that lethal conditions are avpided a nd WO | | be th
target for the Wintering River.

4.0 SIGNIFICANT SOURCES
4.1 Point Sources
Within theWintering Riverwatershed there are point sources permitted through the
North Dakota Pollutant Discharge Elimination System (NDPDES) Progfamns
located within the watershed utilize septic waste systems.
There are no confined animal feeding operat{@»®AFOS)in the Wintering River

watershed.There ar@awo permitted AFOs in thevatershed, however, they are zero
discharge facilities and are not deemed a significant source for this report.
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4.2 Nonpoint Sources

Land use data from the North Dakota Agricultural Statistics Servib&A@§, 2006

indicates that the watershed is prithyeagricultural (84.6 percent), consisting of crop
production and livestock grazing. Foxpe (41) percent of the watershed is
pasture/range/hayland8ased on the 2006IASS data, an even larger percentage of
theland areawithin an estimated 250 netriparian buffer adjacent to thNeintering

Riveris pasture/rangeland and grassland. With agriculture being the predominant land
use, farms and ranches are located throughout the watershed. Livestock production is
also exemplified as th@ominant agrialtural practice irMcHenry and McLearCounties

with an estimated livestock productionidf3,000 cattlén the tvo counties combined
(NASS, 2008).

While there araolarge (>100Cattle CAFOs within the contributing drainagenere are
14 small (<300cattle)animal feeding operations (AFOs), of which two have undergone
the State permitting process (Figure $here may be other AFOs in the TMDL sub
watershedshowever their location and size are unknown.

These data indicate thdaet primary nonpoinsources creating an oxygen demand and
lowering theDO concentrationgn theWintering Riverwatershed are as follows:

Nutrient unoff of from cropland and pasture;

Runoff of manure fronunpermittecanimal feeding areas
Direct deposit of manure inMVintering Riverby livestock and
Background levels associated with wildlife

Failing septic systems or direct discharge sewage systems which contributedot

loads and lowebO concentrationsnay also be located within the watershed. While

their spedic location and potential fanutrient and organic matteyading are unknown,

these systems may be associated with isolated siagi¢y dwellings and farmsteads

located throughout the watershed or within small towns located within the watershed that
donot have a centralized sewer system (&agtlsruhe and Balfogr

5.0 TECHNICAL ANALYSIS

In TMDL development, the goal is to define the linkage between the water quality
target and the identified sourcesmurces of the pollutamd determine the load
reduction needed to meet the target. determine the causadeffect relationship
between the water quality target and the identified spttoaston Engineering was
contracted to develop a spreadsheet modeptiealictsbiochemcal oxygen demand
(BOD) loads throughouhe Wintering River. The model then relategryingBOD
loads topredictedDO concentrations to determine the BOD load thatecessary to
meetthe DO State water quality standard of 5.0 mghtee loading capacitgr

TMDL is the amount of pollutant a waterbody can receive and still meet and
maintain water quality standards and beneficial uses. The follonwghgital
analysis addresses tlmsv DO impairmentthrough a BOOoad allocation and the
BOD load allocatiorreductions necessary to achieve the water quality standards
target 0f5.0 mgL DO minimum,plus a margin of safety.
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5.1 Definition of Water Quality Terms

One of the most important parameters in aquatic ecosystems is dissolved oxygen (DO).
Fish and maainvertebrates require minimum levels of oxygen in order to grow,
reproduce, and survive. Groundwater, the primary source of river flow during dry
weather, or in this case low discharge from the upstream reservoirs, is naturally low in
DO. Aquatic plant fie serves as both a source (photosynthetic oxygen production) and a
sink (respiration and decomposition). However, the measurement of oxygen
concentrations does not directly measure the pollutants contributing to the impairment.
Some analysis into interagns with other chemical processes as well as determining the
relationship between them is requiré&dgire 1).

Biochemicaloxygendemand BOD) represents the amount@® required by aerobic
biological organisms in a body of water to break down (or)dazganic matter present in
a given water sample at a certain temperature over a specific period oftiengreater
the BOD, the greater the oxygen depletion in a stream or lake

Carbonaceous biochemical oxygen demand (CBOD) is the amount of oxygeedey
bacteria to oxidize organic carbon material to carbon dioxide (its lowest energy ktate).
rural areas, sources of oxygdamanding substances may include diffuse runoff of
agricultural fertilizer and animal wastes (from manure applicatiomazirgg animals),

soil erosion, and runoff from concentrated animal operations (Vellidis, 2806)ent
levels from runoff can sometimes cause enough eutrophication to generate CBOD loads
from decaying algae. These may not occur locally, but insteadsti@am where
velocities are slow and the algae populations collect (MPCA,)2008s is part of the
process in this impaired reach of WenteringRiver as thevetland complex in the

middle of the watershed slows the flow and allows nutrient buildpere the water
velocities drop, excess algae growth is noted.

Nitrogenous biochemical oxygen demand (NBOD) is the amount of oxygen required by
bacteria to oxidize ammonia to nitrite, then nitrite to nitathobanoglous, 1985).

Sediment oxygen demar{8OD) is defined as the combination of several processes,
primarily the aerobic decay of organic material that has settled twttem of the
streambedExamples of organic materials that can act as source®biinclude leaf
litter, particulate BOD imwastewater discharge, and algae or plant biomass.
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Figure 11 Schematic of theMajor Processednfluencing DO in Rivers (MPCA, 2008).
5.2 Dissolved Oxygen Interactions

The amount of DO in a river at any point in time reflects the combination of physic
chemical, and biological sources and sinks of oxygen within the reach. Sources of oxygen
include reaeration, transport from upstream (flow), ground water, and photosynthetic
production by algae and aquatic plants. Sinks for oxygen loss includetieiical

oxidation of suspended and dissolved organic material, oxygen demands from settled
organic and inorganic materials, respiration of aquatic plants, and the conversion of
nitrogen through nitrification (MPCA, 2008). When oxygeconsumed faste¢han it

can be replenished, ti¥O levels decline.

The photosynthetic oxygen production (a source) and respiration (a sink) associated with
aguatic plant life are important factors in the DO balance of natural waters. Of special
concern are situations Witan overabundance of free floating algae, attached algae, or
larger submerged or emergent aquatic plants (MPCA, 2008). The middle section of the
Wintering River system is dominated by cattails and other emergents, as well as many
shallow pools where alggeoduction is extensive. The greater the availability of light

and nutrients, the greater the growth of aquatic plants and the more impact they have on
oxygen resources. Photosynthetic rates respond to variations in sunlight intensity and
water turbidity which can decrease the light transmittance through the water column.

The quality of water downstream reflects the pollutant loads from upstream sources and
tributaries in the watershed. Affected by natural and anthropogenic factors, this upstream
waterquality may exert a large influence on the DO balance of the downstream river
segment (MPCA, 2008). Natural characteristics like lakes or wetlands, such as the one in
the middle of this impaired river, affect downstream water quality much differenthathan
riffle -poolrun river would.

Direct discharge of pollutants from point and nonpoint sources into a river segment adds



